Objective: To assess and refine competencies for the clinical research data management profession. Materials and Methods: Based on prior work developing and maintaining a practice standard and professional certification exam, a survey was administered to a captive group of clinical research data managers to assess professional competencies, types of data managed, types of studies supported, and necessary foundational knowledge. Results: Respondents confirmed a set of 91 professional competencies. As expected, differences were seen in job tasks between early-to mid-career and mid-to late-career practitioners. Respondents indicated growing variability in types of studies for which they managed data and types of data managed. Discussion: Respondents adapted favorably to the separate articulation of professional competencies vs foundational knowledge. The increases in the types of data managed and variety of research settings in which data are managed indicate a need for formal education in principles and methods that can be applied to different research contexts (ie, formal degree programs supporting the profession), and stronger links with the informatics scientific discipline, clinical research informatics in particular.
Today, there are 592 CCDMs, and the GCDMP, which serves as the practice standard for the management of data for prospective clinical studies, has been translated into multiple languages, referenced by regulatory authorities, and downloaded over 100 000 times. The increases over the last decade in (1) the types of data managed in any "single" study; (2) the technologies introduced into data collection, processing, and reporting for clinical studies; and (3) the breadth of study designs together signify a drift in professional responsibilities and a need to update both the GCDMP and the certification exam. In late 2015, the SCDM Board of Trustees initiated a joint revision of the GCDMP and the CCDM TM exam. The revision process began with a survey of the job tasks of professional clinical data managers to understand changes in the responsibilities of those who manage data for clinical studies since the 2008 exam revision. Here, we report the results of that survey.
BACKGROUND AND SIGNIFICANCE
Competencies, foundational knowledge, and application areas
Management of clinical research data is largely performed with ad hoc and consensus methods informed by federal regulations and guidance. 1 Within these general parameters, organizations develop their own operating procedures. While currently under revision, the Good Clinical Data Management Practices (GCDMP) document 2 was previously based almost solely on consensus best practice since its first version was published in 2000. 2 Study data managers in clinical and translational research in industry and academia are generally trained on the job through institutionally developed training, apprenticeship, or self-learning. In this model, each institution, and in academia sometimes each investigator, must train his or her own data management staff. Such training is often highly focused on past practices and organizational procedures rather than on underlying theories, principles, and methods based in evidence. Training that lacks such grounding in underlying science leaves trainees without knowledge that can be applied to different types of data, therapeutic areas, and research scenarios. In the absence of this grounding and with very few formal academic programs supporting the profession, clinical data managers lack the credibility conferred by evidence-based practices that members of clinical study teams from professions with such foundations enjoy.
Formalizing the relationship of a profession with the underlying science starts with clear articulation of professional competencies and the foundational knowledge that supports them. Furthermore, cornerstones of educational theory and general medical education [3] [4] [5] emphasize the importance of applying foundational knowledge in competencies requiring the use of higher-order cognitive abilities such as evaluation, synthesis, and creation. Thus, in support of preparing for the upcoming revision of the competencies for the clinical research data management profession, the SCDM made a deliberate and separate articulation of (1) foundational knowledge, (2) practice standards, and (3) professional competencies. The relationship between these and items on the certification exam that assess them is depicted in Figure 1 . Briefly, a competency domain for SCDM (there are 8 of them in total) is associated with 1 or more competency. For each competency, there are 1 or more items on the professional certification exam. A competency is also associated with 1 or more application contexts. For clinical research data management, we defined 3 important application contexts: the type of study for which the data will be managed, the research setting in which the data will be managed, and the type (most often types) of data to be managed. A competency is also associated with 1 or more practice standards and 1 or more foundational knowledge topics. The links from competency to practice standard and foundational knowledge are instantiated by (1) citing supporting evidence for practice standards and (2) associating references to foundational knowledge sources with exam items. The scope of clinical research data management is narrower than the field of clinical research informatics (CRI), a sub-area of biomedical informatics. However, the growing CRI literature provides evidence on which to base practice. Additionally, established theories, principles, and methods from other disciplines such as cognitive engineering, operations engineering, statistics, and information science are directly applicable to the practice of clinical research data management and directly inform practice. These links are being strengthened in the current revision of the GCDMP.
History of clinical data management practice standards
The first synthesis of evidence relevant to clinical research data management, the Greenberg Report, was published in 1967 and concentrated on organization, review, and administration of cooperative studies. By design, the report contained little detail on clinical research data management methods. 6 In 1990, Dr Morris Collen, 7 in his paper "Clinical Research Databases: A Historical Review," presented a review of data collection and processing methods for existing clinical research databases. This paper was followed in 1995 by a special issue of Controlled Clinical Trials (now Clinical Trials) that contained a collection of 5 review papers documenting current practice. [8] [9] [10] [11] [12] However, the more than 40 contributors to the issue were largely from academic-based clinical trials. 13, 14 Further, the recommendations were largely consensus-based, and many of the methods differed from those used in clinical studies intended for marketing authorization and falling under the regulatory authority of the US Food and Drug Administration (FDA). To provide a basis for practice for these FDA-regulated clinical studies, in 1998 SCDM The 91 job tasks used for the survey reported here ( 17 and (2) the clinical research data management work domain ontology. 18, 19 Briefly, the work domain ontology was developed by applying semantic methods to the 2008 competencies to expand the set in order to exhaustively cover the domain but at a higher level of abstraction. The work domain ontology was vetted in focus groups at an SCDM meeting. The higher level of abstraction of the latter was adopted for this work, and the 2 sources were again compared by the study team as a quality check, resulting in 91 mutually exclusive competency statements falling into 8 categories: design, training, data processing, programming, testing, personnel management, coordination and project management, and review (Table 1 ). In keeping with Bunge-Wand-Weber representational theory for goodness of representation, 20 each competency category was reviewed for completeness, mutual exclusivity, and consistency of the level of detail. While exhaustiveness is the intent of professional competencies, it cannot be claimed in the context of a growing profession; exhaustiveness (or, for that matter, adequacy) of a competency set can only be assessed at points in time.
A competency is generally defined as some action that produces a result. Items such as "Understands what medication coding is and why it is important" represent foundational knowledge but are not associated with actions. These items were removed from the 2008 exam competency list and enumerated separately as foundational knowledge topics for the survey reported here.
METHODS

Objective
The objective of the study was to characterize the professional competencies of clinical research data managers, the types of studies to which the competencies are applied, the types of data managed, and the foundational knowledge needed.
Study design
The study was designed as a survey to be administered at the annual meeting of the Society for Clinical Data Management, September 20-23, 2015, in Washington, DC. Surveying conference attendees allowed for frequent face-to-face contact and opportunities for follow-up to assure a sufficient response rate. Prior to the conference, 500 attendees were anticipated and the target response rate was set at 70%. The survey was administered as an anonymous questionnaire (Supplementary Appendix S1). As such, the study was declared as "not involving human subjects" by the Duke University Institutional Review Board (protocol Pro00066249).
Survey design
The survey consisted of 10 questions organized into 4 parts (Supplementary Appendix 1). The 4 parts were: (1) demographics, (2) job tasks for early-to mid-and mid-to late-career data managers and the amount of effort spent on job tasks, (3) the context in which job tasks are performed, including types of studies for which data are managed and types of data managed, and (4) foundational knowledge required to perform clinical data management job tasks. The demographic questions were chosen for consistency with past information collected by SCDM from its membership to assess generalizability. For the purpose of the survey, a practicing clinical research data manager was defined as someone who at the time of the survey or within the last year managed data for clinical studies or had the responsibility of overseeing people who managed data for clinical studies. This question was added so that we could assess response rate and retain the ability to distinguish and include only responses from self-identified data managers in the analysis.
For the purpose of the survey, early-to mid-career data managers were defined as clinical research data managers with 0-3 years of experience in clinical research data management beyond college or time spent as a data entry operator or query processor. Mid-to late-career data managers were defined as having 5 years of experience in clinical research data management beyond college or time spent as a data entry operator or query processor. The gap was intentional to assure separation of the 2 categories, because individ-uals who progress from early to later career are in a state of learning new tasks and assuming responsibilities in a mentored fashion; onthe-job learning did not meet the intent of the question. Lastly, a question was added to solicit tasks that those who managed data for clinical studies would perform in the future. The hierarchical list of 91 clinical research data management job tasks was provided on the facing page. Respondents were instructed to enter the header to indicate all lower-level tasks within the category, to list individual tasks, or to write in tasks if a good match could not be identified from the list. The standardized task list was provided only to aid data collection and aggregation. Multiple form-completion options, from structured to completely open-ended, were provided so as to not impose a coding system on the responses. The responses were not constrained and respondents could enter anything they wished.
The third type of information solicited on the survey instrument characterized the context in which clinical data management competencies were applied. These included the types of studies for which data were managed, with response options including randomized controlled trials (RCTs), registries, correlative studies, comparative effectiveness research (CER), and "other," with a place to describe types of studies not included in the response option list. The second context question asked respondents to indicate the types of data they managed at the time of the survey and the types of data they envisioned managing in the future. The response list was created from types of data included in the 2008 competencies, ie, lab data, case report form data, and safety data, and the experience of the study team. In keeping with the open philosophy of data collection, ie, not imposing a coding system on responses, respondents also had the option to choose listed items as well as to list other types of data not included in the list.
The fourth type of information asked on the survey regarded foundational knowledge topics (Table 2 ). This list was formed from a synthesis of the competencies and work domain ontology as described earlier and was expanded as the study team identified foundational knowledge not explicitly mentioned in prior competencies.
Respondents were asked to mark any topics they felt were not necessary to professional competency in clinical data management and to add any they felt were missing.
Survey administration
The conference was conducted in 3 tracks and the survey was administered in all tracks throughout the 3-day conference. The demo- graphic information appeared on the front cover so that respondents who answered no to question 4 (Are you a practicing clinical data manager?) could stop there and turn in their form. The survey was introduced at the plenary session. The purpose of the survey was explained and conference attendees were instructed on form completion. Surveys were placed at every seat for every session. Members of the study team and volunteers collected surveys at the meeting room doors and in the halls. Respondents could also turn in completed forms at the registration desk. Respondents were given stickers to place on their conference badges in exchange for completed surveys so that nonresponders could be spotted and prompted to participate. Response rates were periodically reported throughout the meeting to encourage participation. Data were entered into Microsoft Excel and independently verified with the original form by a professional clinical research data manager. Corrections were made to a second copy of the data to assure traceability. The data were analyzed using SAS software.
RESULTS
Demographics
A total of 340 forms were received during the conference, yielding a 71% response rate. There were 479 regular registration conference attendees. Regular registrations did not include conference staff (5 people), delegates (6 people), exhibitors (180 people), and 1-day registrations (41 people). In all, 337 respondents indicated a sector in which they worked. Similar to membership in the SCDM in general, the majority of respondents (80%) worked in industry. Ten percent of the respondents indicated that they worked in academia and 4% indicated that they worked in state or federal government (both welcomed increasing trends); the remainder worked in sole proprietorships or indicated "other."
Respondents indicated a variety of organization types, including academic research organizations; colleges or universities; contract research organizations; pharmaceutical, device, or biologic research and development companies; clinical investigational sites; health care facilities; and software providers. No respondents indicated that they worked for clinical labs, and 5.3% of respondents indicated that they worked in some other type of organization. The responses for organization type were also similar to the greater society membership, with the majority of respondents working for therapeutic research and development companies or contract research organizations.
A total of 238 respondents (70%) indicated that they were practicing clinical data managers. These respondents reported an average of 12 years working in clinical data management, and 70 of them (25%) reported being certified; 170 respondents reported that they were not certified data managers.
Types of studies managed
All 340 respondents completed the question about the types of studies for which they managed data. In the past, SCDM members primarily worked in phase I-IV studies, mostly in Randomized Clinical Trials (RCTs), with fewer members working in phase I studies or post-marketing or other registries. While most respondents (275, or 80%) still managed data for RCTs, respondents also managed data for other types of studies, including registries, correlative studies, Comparative Effectiveness Research (CER), and other study types (Figure 2 ). Of note, 108 (40%) of those who managed data for RCTs also managed data for registries, 42 (15%) who managed data for RCTs also managed data for correlative studies, 53 (19%) who managed data for RCTs also managed data for CER, and 41 (15%) who managed data for RCTs also managed data for other study types (Figure 2 ). All study types surveyed showed similar overlap (Figure 2) , ie, clinical research data managers often manage data for more than 1 type of study.
Types of data managed
The second context of application question probed the types of data managed by respondents. Of the respondents, 264 indicated 1 or more types of data that they manage today, with all 264 indicating more than 1 type of data managed and 213 (81%) indicating more than 5 types of data managed (Figure 3 ). The respondents projected that an even greater diversity of data will be managed in the future. Six additional types of data were identified from responses in the "other" field: electronic documents, social media data, biospecimen data, site performance data, enterprise project or program data, and metadata.
Clinical data management competencies
Of those who responded to the survey, 69% provided information about job tasks, 233 for early-to mid-career and 235 for mid-to latecareer clinical research data managers (Figure 4 ). The average percent Self-learning about data for new therapeutic areas of effort spent on tasks was calculated over all those who provided this information. Differences in tasks were easily identified from differences in task distribution between early-to mid-and mid-to latecareer data managers (top and bottom graphs in Figure 4 ). For example, the data processing tasks (tasks 27-45) were present, albeit at a low percent of effort, for early-to mid-career data managers and much less prevalent for later career data managers. Programming tasks (tasks 46-53) were present but not dominant in either group, while testing tasks (tasks 54-59) were more prominent for early-to mid-career data managers. As expected, personnel management tasks (tasks 60-62) were largely absent for early-to mid-career data managers and were reported with higher frequency by mid-to late-career data managers. Coordination and project management tasks (tasks 63-81) were much more frequent for mid-to late-career data managers and review tasks slightly more frequent in this group. None of the 91 competencies went unselected. Of the 3228 total responses for early-to mid-career tasks, there were 22 uncodable responses, ie, responses that could not be mapped to 1 of the 91 tasks. Two were clerical in nature (filing) and outside the scope of the profession, 3 were illegible, and the remaining 17 were not specific enough to map to 1 of the 91 tasks. No new tasks were identified from the uncodable responses. Of the 3798 responses for mid-to late-career tasks, there were 25 uncodable responses. Three of the 25 were illegible, and the remainder were either too specific and not mapped, or not specific enough to be mapped to 1 of the 91 tasks.
Ten possible future tasks were identified from question 8c, "Please list in your own words any new tasks, i.e., not listed on the facing page, that CDMs will be performing in the future" (Table 3) . Although eSource is a type of data rather than a job task, it remains listed with the responses because of the high frequency with which it was mentioned.
Foundational knowledge
Question 9 probed foundational knowledge necessary for performance of job tasks ( Table 2) . One foundational knowledge item, software development concepts, was crossed out by 48 respondents. The remainder of the items crossed out were marked by <10% of the respondents. Eight new foundational knowledge topics were identified by respondents (Table 4 ).
DISCUSION
The survey was SCDM's initial test of separating foundational knowledge, job tasks, and application context. In making these separations to create the survey, the study team found that the 3 categories were easily distinguishable, and they were pleased that the total number of competencies decreased to 91. Applying this new separation to the survey provided a test of the face validity of such an approach. The ease with which conference attendees were able to respond to the different categories supported the separate treatment.
The tasks can be further refined and reduced. For example, "data imputation" (task 32) requires a verb such as "perform" or a verb phrase such as "impute data" to comprise a task. The 3 items under training (tasks 24-26) describe who is being trained rather than actual tasks associated with training and would more appropriately be stated as 1 task, "Ascertain need for, develop and deliver training on data collection and management processes and systems." Similarly, the 3 items under personnel management (tasks 60-62) describe the role being supervised rather than the tasks associated with personnel management and would more appropriately be stated "Assign and oversee the work of subordinates," and would subsume review tasks 90 and 91.
Historically, clinical research data management has suffered from inaccurate perceptions, eg, that managing data for research studies mainly consists of handling paper forms and entering data. Given the scope of practice, this is certainly not the case. It is true that formal education programs are needed to better prepare the workforce as application contexts continue to expand and as methodologies for managing and using data to organizational advantage continue to advance. As the profession better articulates necessary competencies and foundational knowledge, degree programs can be developed to meet the growing workforce need.
Although job task surveys have been conducted in previous years, the work reported here is the most formal, eg, job tasks subjected to semantic work and competencies separated along the lines of prevailing educational theory. With the survey having been subjected to semantic work, 3 rounds of membership surveying, and 12 years of testing through the professional certification exam, we are confident in articulating the competency domains and competencies reported here as the scope of professional practice in clinical research data management. While the scope of practice is more narrow than the entire field of CRI, we recognize CRI and more broadly biomedical informatics as the science upon which the majority of the clinical research data management profession is based. Reliance on such a relevant and vibrantly productive scientific discipline makes for a bright professional future. In collaboration with CRI researchers, operational challenges and problems can be posed and systematically probed, and promising results can be translated into operational practice, a process from which new innovations and research needs will spring.
Limitations
Administering the survey at a professional society meeting limits interpretation of the data to what applies to conference attendees. Given the use of multiple approaches throughout the years, eg, surveys at annual conferences, web-based surveys distributed to members, and the professional certification exam itself, the competencies have been subjected to well over 1000 respondents. The long-term probing of the competencies across multiple contexts mitigates this limitation.
Although changing, the membership of the SCDM has primarily consisted of individuals from the therapeutic development industry. Unfortunately, because of the low proportion of respondents from academia, we cannot claim generalizability to that important segment of the clinical research data management community. We can confirm that responses from academic respondents did not differ significantly from those from industry respondents. While research studies, systems, and resources can differ between academically oriented studies and those conducted by industry, the best practices to assure appropriate quality and consistency of data are based in common principles, eg, traceability, replicability, and reproducibility, and thus at some core level are fundamentally the same.
CONCLUSIONS
The survey reported here reaffirmed and refined the scope of practice of clinical research data management. Clearer articulation of foundational knowledge and professional competencies has helped to better ground the profession in supporting scientific disciplines. The competency survey reported here will serve as the foundation for the upcoming revision of the CCDM TM exam and is offered as a resource to inform development and maintenance of formal education programs supporting the profession.
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